Abstract: Five complexes of copper(II) 4,4-diaminodiphenylsulphone have been synthesized. Copper salts of counter ion (sulphate, nitrate, chloride) and different reaction media (solvents) were used for the synthesis. The complexes varied in colour and composition. The compounds were characterized by conductivity, IR, UV, NMR and mass spectroscopies. The ligand coordinated to metal ion in a monodentate and bidentate manner. All the five complexes have tetrahedral configuration. The biological activities data showed that the complexes are more active against Esherichia coli, Klebbsiella pneumoniae and Staphylococcus aureus than the free ligand (4,4-diaminodiphenyl sulphone). Antimalaria activities of the complexes and the ligand were investigated using mice infected with Plasmodium berghei. All the complexes exhibited lower activity than the ligand and chloroquine. The effect of administration of the complexes on alkaline phosphatase activities of kidney, liver and serum of Albino rats were investigated. The serum ALP activity showed no significant change (P> 0.05), suggesting non-damaging effect on the plasma membrane of liver and kidney cells.
Introduction
The sulfones are widely used as antileprosy drug and antimalarial drug as a combinational therapy. Combination of 4,4-diaminodiphenylsulphone with pyrimethamine has been effective in suppressing symptoms of malaria due to chloroquine resistant parasite Plasmodium falciparum 1 . The efficacy of the therapeutic agent is known to be enhanced upon coordination to a metal ion 1 HNMR spectra were recorded with a Bruker AMX-200 Spectrometer in DMSO-d 6 (δ=2.60 ppm). Chemical shifts for proton resonances are reported in ppm (δ) relative to tetramethylsilane. The electrospray mass spectra (Positive Cl-methane were recorded on a micro mass platform spectrometer and a Kratos concepts IS instrument using dimethylsulfoxide as solvents. 2 Cl 2 )](CH 3 OH) 2 1.24 g (5 mmol) of 4, 4-diaminodiphenylsulphone was dissolved in 20 mL of methanol, the solution was heated at 60 0 C for complete dissolution of the ligand. 0.85 g, (5 mmol) of CuCl 2 . 2H 2 O in 10 mL of methanol was added to the above ligand solution. The greenish solution was refluxed for 2 h and cooled to room temperature. A green microcrystalline precipitate of complex was obtained after one week. The product was separated and dried at room temperature. Army green microcrystalline powder was obtained.
Synthesis of the Complexes

Compound 1: [(Cu(DAP)
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The formation of the complex may be represented by the general equation below. 
Antimicrobial activities
The antibacterial activities of the ligand and metal complexes were carried out using well diffusion method described by previous workers 11 . The nutrient agar medium (Peptone beef extract NaCl and agar-agar) and 5mm diameter paper disc (Whatman No.1) were used. The compounds were dissolved in DMSO at 50 and 100 ppm concentration. The filters papers disc were soaked in different solution of the compounds, dried and then placed in the Petridishes previously seeded with the test organisms (Escherichia coli, Staphylococcus aureus and Klebsiella pneumonia). The plates were incubated for 24-30 hours at 37 0 C and the inhibition zone around each disc was measured in mm using Zone reader. The average zone of inhibition in millimeter was determined from the readings taken in triplicate. DMSO was used as control.
In-vivo antimalarial activity
Plasmodium berghei and mice were collected from IMRAT, University of Ibadan, Ibadan Nigeria. Mice for the experiment were infected as described by previous worker 3 . Thirty Swiss mice (male) were divided into groups of five animals each and kept in cages fed with mice cubes and water ad libitum. 6 parasitized erythrocyctes suspended in buffered physiological saline (pH 7.4) inoculated intravenously. The mice were left for 4 days; their levels of parasitaemias were monitored daily by counting parasites in blood smear, fixed with 70% methanol and giemsa stained. The slides were then rinsed and allowed to dry. The slides were viewed under the microscope with magnification of 100. The level of parasitaemia was then determined by counting the number of infected erythrocytes/1000 erythrocyctes on tail blood smears stained with giemsa. 1 ppm solution of each of the ligands and complexes was prepared. 0.4 mL of each of the solution was injected daily into the mice in each group from day 0 to day 3 of infection. Levels of parasitaemia were determined on day 4. Only physiological saline solution was given to the control animals. The results were expressed as the percentage of infected cells or inhibition of parasitaemia calculated from the equation.
Estimated no of infected parasitaemia treated with compounds % inhibition = 100 -Estimated no of infected parasitaemia treated with no compounds
Toxicological Study
Experimental animal and drug administration
A total of 30 male albino rats of average body weight 150 g were obtained from Biochemistry Department of University of Ilorin, Ilorin. The rats were fed for 2 weeks prior to their usage. The rats were divided into 5 groups (6 rats each). Animals in Group A serve as the control and received DMSO, whereas group B were respectively administered with 4, 4-diaminodiphenylsulphone, while groups C, D and E were administered accordingly with [Cu(DAP) ) prepared with DMSO were administered orally to the rats two times daily for five days at dosage level of 0.122 mg/150 g. The control was given only DMSO.
Preparation of serum and tissue homogenates
The rats were sacrificed 24 hours after the last day of administration of drugs by anaesthetizing them in a glass jar containing cotton wool soaked in chloroform. The blood was collected into clean labeled sample bottles and allowed to coagulate. They were then centrifuged and the serum pipetted out for analysis. The homogenates of the liver, kidney, heart were prepared in ice cold 0.25 M sucrose solution to give a final volume of five times the original tissue weight (1.5 W:V). The homogenates were kept in well labeled container and stored in the freezer before being used for analysis. The activities of alkaline phosphatase concentration in the serum and homogenates (liver, kidney and heart) were estimated using the reported method 12 .
Results and Discussion
Different copper salts were used to synthesis three complexes, with the intention of establishing the effect of varying the counter anion on the composition and characteristic of complexes. 2 which was soluble in methanol. All were soluble in dimethylsulfoxide. Chloride ions were determined by means of AgNO 3 as corresponding silver salts. There was no precipitation of silver halide, indicating that the chloride ions are inside the coordination sphere of the metal complexes. The free sulphate ions were estimated by means of BaCl 2 respectively as corresponding barium salts 13 . Test for sulphate ion was also negative this may be due to coordination of the ion to the metal as in [Cu (DAP) 2 
Infrared spectra
Infra red spectra assignments of 4,4-diaminodiphenylsulphone and the complexes are shown in Table 1 . Comparing the main IR frequencies of copper complexes with that of 4, 4-diaminodiphenylsulphone ligand the following deductions were made. The infra-red spectrum of 4,4-diaminodiphenylsulphone showed four prominent peaks at 3455 3396, 3337 and 3238 cm -1 assigned to NH 2 group due to ν asy (N-H) and ν sym (N-H 3 . This is due to the chelation of Cu (II) through one oxygen atom of SO 2 group. This mode of coordination has also been found in a platinum sulfadiazine derivative 15 . In addition the negative shift of νC-S (648cm -1 ) in the ligand to 619 cm -1 in the complex reinforces this statement 16 . There are no changes in both symmetrical and asymmetrical stretching frequencies of SO 2 in (Cu (DAP) 2 17 . However some new bands with medium to weak interaction appeared at 558 cm -1 in all complexes which are tentatively assigned to ν (M-N) modes. 
Electronic Spectra
Comparison of the electronic spectra (in DMSO) of the 4, 4 -diaminodiphenylsulphone and its complexes shows that bands at 266nm and 30lnm assigned to π -π * and n -π * of the conjugated system of the ligand exhibited red shift in the absorption bands of the complexes due to complexation. Single absorption peaks around 700-900 mm due to d-d transition is assigned as 2T 2 -2 E due to Jahn Teller distortion. 18 Tetrahedral Cu(II) complexes often give broad bands resulting from several overlapping bands or where the bands are resolved up to three close bands.
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This clearly indicates a tetrahedral environment around Cu(II) ion for the five complexes. The absorption spectra of copper(II) complexes are similar to those of copper(II) Quinine complexes. This is evidence that supports the binding of nitrogen atom to copper (II) ion.
HNMR Spectroscopy
The 'HNMR spectra and the assignments for 4,4-diaminodiphenylsulphone and its complexes are shown in Figure 1 , Table 2 and Figures 2-4 . 2 as a consequences of coordination of one of the NH 2 group with copper ion. Furthermore another evidence of coordination at the site is that the (7.33), H3b, H (5b)/H (3a) H (5a) slightly shifted to 7.40-7.45 in[Cu(DAP) 2 
Mass spectroscopy
The mass spectral relevant m/z ratios and tentative assignments of [Cu (DAP)(NO 3 )(H 2 O)]NO 3 are shown in Table 3 and Figure 5 These changes in position of the proton may also be due to increase in electronic change over the two rings. As could be expected that the most significant shifts occurred in the resonance of the protons linked to the carbon closest to the donor atoms 19 
Biological Studies
Both the ligand and complexes were screened against gram -positive and gram-negative bacterial in order to determine if the spectrum of the activity of the complexes was changed with respect to ligand. The inhibitory activities of the metal complexes at 50ppm and 100ppm concentration as compared to the free ligands on the bacterial species are revealed in the table. The increase of the zone of inhibition for metal complexes when compared with corresponding ligands as shown in Table 4 . is an indication that the metal complexes are able to decrease the population of bacterial species. It is also an indication that the metal complexes are more effective than their corresponding ligand. The results are in agreement with the finding of previous workers 20 . The chelating increases the lipophilic nature of the central atom which subsequently favour its permeation through the lipid layer of the cell membrane 21 . The chelation theory account for the increase activities of the metal complexes. The result shows that most of the compounds posses higher inhibitory activity against the bacterial species at 100ppm concentration than at 50ppm concentration. The effects of oral administration of the ligand and the complexes on the liver, kidney and serum of Albino rats are shown in Table 5 . Table 5 presents alkaline phosphatase activities (ALP) in the kidney, liver and serum following administration of the ligand and the complexes. The serum ALP activity showed no significant change (P> 0.05) on comparison with one another and the control after repeated administration of ligand and complexes.
The fact that there was no significant difference in serum ALP activities of 4, 4-diaminodiphenylsulphone and its metal complexes compared with control suggests that the integrity of the plasma membrane of the cells in the various tissues might have been adversely affected. This is because ALP is a membrane bound enzyme often used to assess the integrity of the plasma membrane and endoplasmic reticulum and an increase in ALP activity of the serum implies membrane damage to the tissues 12 . Moreover, the observed increase in the ALP activities in the liver and kidney of Albino rats administered with 4, 4-diaminodiphenylsulphone complexes suggests an enhancement of the activities of the existing enzymes by the drugs and their metabolites. The increase may also be as a result of stress imposed on the tissue by the drugs, which may lead to loss of the enzyme molecule through leakage into intracellular fluid which has not been significantly noticed in the serum. In a bid to offset this stress, the tissue may increase the de novo synthesis of the enzyme, thus accounting for the increase in ALP activities in these tissues 23, 24 . Antimalarial activities of the complexes investigated using mice infected with Plasmodium berghei showed that the complexes exhibited lower antimalarial activities than DAP and chloroquine. This indicates that coordination of the metal to DAP reduces its antimalarial activities. The % parasitaemia reduction for [Cu(DAP) 2 3 were found to be non toxic as revealed from effect of administration of the complexes on ALP activity of kidney, liver and serum of albino rats
Conclusion
This study has contributed to an effort being made in discovery of molecules that are therapeutically more effective substitutes for available antimalarial drugs against which the malarial parasites have developed resistance. All the five copper complexes of DAP have tetrahedral geometry as revealed by micro-analytical data and spectroscopies. All attempts to grow single crystals of the complexes failed. The metal complexes were more active against gram -positive bacterial and gram-negative bacteria. The complexes were found to be nontoxic as compared to parent drug .The toxicological data supported this finding.
